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Aerobic Composting or Anaerobic Stockpiling 
of Feedlot Manure
Matt K. Luebbe
Galen E. Erickson
Terry J. Klopfenstein
Matt A. Greenquist1
Summary
Two manure management and stor-
age methods, manure stockpiled anaero-
bically or composted aerobically for 104 
days were evaluated. Nitrogen recovery 
was 85.7% and 56.4% for stockpiled 
and composted manure, respectively. 
Organic nitrogen concentrations were 
greater for composted manure while 
ammonium nitrogen concentrations 
were greater for stockpiled manure. 
Simulation of hot, dry conditions during 
field application indicated the amount 
of ammonia nitrogen lost from stock-
piled manure was not great enough to 
offset the total nitrogen recovery advan-
tage of this method. When evaluated on 
a nutrient basis, stockpiled manure has 
greater value as a fertilizer compared 
with composted manure in this study.
Introduction
Scraped manure from pens, aerobic 
composting, and anaerobic (passive) 
stockpiling are the most common 
methods to store and distribute ma-
nure from feedlots. Stockpiled ma-
nure often has more total N compared 
with composted manure but also has 
more ammonium N. If N is lost prior 
to incorporating, there may not be 
a net benefit to stockpiling. Aerobic 
composting of manure decreases the 
amount of material that needs to be 
hauled to the field and also reduces 
odor. However, composting manure 
increases cost due to a larger area of 
land needed for control of runoff and 
the equipment and extra management 
of windrows. These management and 
storage options have a large impact on 
gas emissions as well as amount and 
type of nutrients available to crops. 
The objective of this research was to 
compare anaerobic stockpiling and 
aerobic composting manure storage 
methods on nutrient recovery. 
Procedure
Manure from 0 open feedlot pens 
was used to determine the impact of 
storage method on changes in amount 
and type of N over time for manure 
anaerobically stockpiled or aerobi-
cally composted. In July, manure was 
piled on the cement apron, sampled, 
weighed, and hauled to the compost 
yard. Manure from three pens was 
used to construct compost windrows 
for a total of 6 windrows. Manure 
from six pens was used to construct 
two anaerobic stockpiles. Initial 
windrows contained approximately 10 
ton of manure (DM) with a volume of 
’ x ’ x 0’. The stockpiles contained 
approximately 20 ton of manure (DM) 
and were conical in shape with a base 
diameter of 22’.
Windrows were turned on days 
14, 42, 59, 69, and 8. The composted 
windrows were considered “finished” 
when the temperature did not rise 
following turning of the manure. 
The stockpiles were left undisturbed 
throughout the 104 days with the 
exception of core and temperature 
samples. Manure core samples and 
temperature were collected on days 
42, 69, 8, and 104 from compost and 
stockpiles. Core samples (n = 4/pile) 
were taken at a depth of 6” and tem-
perature (n = 4/pile) were collected 
at 48”. Nutrient recoveries were cal-
culated using total ash as an internal 
marker with the following equation: 
Nutrient recovery = 100 x [(% ash ini-
tial / % ash after) x (% Nutrient after / 
% Nutrient before)]. The total amount 
of nutrient content was also evalu-
ated in a similar manner using total 
ash as a marker for DM. Samples were 
analyzed by a commercial laboratory 
(Ward Laboratories Inc., Kearney, 
Neb.). Ammonium N was measured 
on samples as-is and after drying for 
24 hours in a 100oC oven to determine 
how much N is lost when manure is 
spread and exposed to high tempera-
tures. Data were analyzed using the 
mixed procedure of SAS with six rep-
lications/sampling date for compost 
and two replications/sampling date 
for stockpile with sampling date as a 
repeated measure.
Results
For comparison of fresh manure 
with stockpiled or composted ma-
nure, day 0 samples were collected 
during pen cleaning. The recom-
mended level of moisture for com-
posting is generally between 0% and 
60%. The compost in this study was 
typically 0% moisture (Table 1). The 
temperature of the compost taken 2 to 
 days after turning was considered an 
indicator of active composting. The 
suggested temperature of active com-
posting is between 100o and 150oF. 
Temperature for the compost was 
within this range except for the final 
measurement when the compost was 
considered “finished” (Table 1).
Dry matter recovery was not dif-
ferent (P = 0.14) among storage meth-
ods over time (Table 1). The % DM 
of manure was not different among 
the two storage methods because of 
rainfall that occurred during the 104 
days. The larger surface area and in-
corporation of water from rain when 
the compost was turned did not allow 
the compost to dry as observed in 
most cases. Because the DM recover-
ies were similar and the weight as 
water was slightly greater for compost, 
hauling these to the field would have 
similar costs. Organic matter recover-
ies were 7% greater (P < 0.01) for the 
stockpile compared with the compost 
after 104 days. The largest loss of OM 
occurred during the first 42 days for 
both storage methods. Comparing 
storage methods among the last four 
sampling periods, stockpiling had 
(Continued on next page)
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Table 1. Effect of manure storage method on nutrient concentrations and recoveries.a 
   Stockpile     Compost
Dayb: 0 42 69 8 104 0 42 69 8 104 SEMc P-Valued
Temperature,oF 146.0 19.5 12.5 126.0 127.5 148. 117.8 120.2 101.8 78.
DM recovery, % 100.0 89.1 87.2 85.7 85.7 100.0 86. 82. 81.8 81.4 1.5 0.14
DM % 72.5 75.6 74. 74.2 7.8 71.2 7.2 70.0 70.0 72.6 2.8 0.78
OM recovery, % 100.0g 6.4h 57.1hi 51.8i 51.0i 100.0g 5.9i 40.1j 8.6j 7.2j 4.0  < 0.01
Organic C, g/kg 174.4g 122.9h 11.1h 104.7i 104.1i 171.5g 106.hi 8.j 80.5jk 77.9k 8.2  < 0.01
P
2
O
5
 recovery, % 100.0 106.5 100.7 100.1 101.6 100.0 99.4 97.5 94.6 95.0 5.5 0.8
P
2
O
5
 g/kg DM 14.4 15.4 15.4 15. 15.6 14.8 14.7 14.4 1.9 14.0 0.75 0.41
C :Ne 1.2g 11.4h 10.6i 10.2ij 9.9jk 12.6g 11.2h 10.0j 9.6k 9.7jk 0.4 0.05
N :Pf 2.26g 1.85h 1.76h 1.77h 1.80h 2.26g 1.79h 1.49i 1.4i 1.4j 0.65  < 0.01
aValues are expressed on a 100% DM basis.
bDay = sampling date from pen cleaning.
c Pooled standard error of the mean.
dF-test statistic for storage method by time interaction.
eCarbon to nitrogen ratio.
fNitrogen to phosphorus ratio
g,h,i,j,kWithin a row, means without a common superscript letter differ (P < 0.05).
Table 2. Effect of manure storage method on amount and type of nitrogen concentration and recoveries.a 
   Stockpile     Compost
Dayb: 0 42 69 8 104 0 42 69 8 104 SEMc P-Valued
Total N recovery, % 100.0e 87.5f 8.0fg 82.9fg 85.7fg 100.0e 78.5g 64.0h 59.4h 56.4i 4.1  < 0.01
Total N, g/kg DM 14.2e 12.4efg 11.8g 11.8g 12.2fg 14.6e 11.5g 9.h 8.7i 8.2i 1.0  < 0.01
NH
4
, g/kg DM 1.10gh 2.0e 1.85e 2.00e 2.40e 1.07h 2.7f 0.5fg 0.62fg 0.5fgh 0.24  < 0.01
NH
4
, % total N 7.9g 18.2ef 15.8f 17.1ef 19.0e 7.g 20.5e .7h 7.2g 4.2h 0.9  < 0.01
Organic N, g/kg DM 1.1 10.1 9.9 9.6 9.6 1.6 9.1 7.8 7.8 7.4 1.0 0.17
Organic N, % total N 91.9ef 81.6h 8.4g 81.7g 78.5h 92.7e 79.5h 94.6e 89.9f 90.2f .1  < 0.01
aValues are expressed on a 100% DM basis.
bDay = sampling date from pen cleaning. 
cPooled standard error of the mean.
dF-test statistic for storage method by time interaction.
e,f,g,h,iWithin a row, means without a common superscript letter differ (P < 0.05).
Table 3. Effect of manure storage method and laboratory analysis on nitrogen concentration and recoveries.a 
   Stockpile     Compost
Dayb: 0 42 69 8 104 0 42 69 8 104 SEMc P-Valued
Wet laboratory analysise
 Total N recovery, % 100.0g 87.5h 8.0hi 82.9hi 85.7hi 100.0g 78.5i 64.0j 59.4jk 56.4k 4.1  < 0.01
 Total N, g/kg DM 14.2g 12.4ghi 11.8i 11.8i 12.2hi 14.6g 11.5i 9.j 8.7k 8.2k 1.0  < 0.01
 NH
4
, g/kg DM  1.10ij 2.0g 1.85g 2.00g 2.40g 1.07j 2.7h 0.5hi 0.62hi 0.5hij 0.24  < 0.01
 NH
4
, % total N 7.9i 18.2gh 15.8h 17.1gh 19.0g 7.i 20.5g .7j 7.2i 4.2j 0.9  < 0.01
Dry laboratory analysisf
 Total N recovery, % 100.0g 75.hi 77.6h 71.9hi 7.hi 100.0g 69.4hi 68.4i 61.4j 60.0j 4.7  < 0.01
 Total N g/Kg DM 1.4g 10.9h 10.8hi 10.4hij 10.7hij 1.8g 9.6ij 9.j 8.4k 8.2k 0.7 0.01
 NH
4
, g/kg DM 0.2j 0.82i 0.87i 0.67i 0.90g 0.29j 0.47h 0.44j 0.42j 0.8j 0.07  < 0.01
 NH
4
, % total N 2.27 6.5 7. 5.6 7.4 1.9 4.2 .7 4.9 4.2 1.2 0.12
aValues are expressed on a 100% DM basis.
bDay = sampling date from pen cleaning. 
cPooled standard error of the mean.
dF-test statistic for storage method by time interaction.
eSamples analyzed wet, values expressed on a 100% DM basis.
fSamples analyzed after drying in a 1000C oven for 24 hours to estimate ammonia losses.
g,h,i,j,kWithin a row, means without a common superscript letter differ (P < 0.05).
© The Board of Regents of the University of Nebraska.  All rights reserved. 2008 Nebraska Beef Report  — Page 65 
greater recoveries (P < 0.01) of OM 
compared with composting. Organic 
C concentrations followed a similar 
trend to OM with more (P < 0.01) 
organic C being recovered for stock-
piles after day 69. Carbon and OM 
losses are associated with microbial 
decomposition and the primary 
release of carbon dioxide. 
The largest loss of N occurred from 
the time of removal to the first sam-
pling date for either storage method 
(Table 2). After only 42 days (one turn 
of the windrows), N recoveries for 
the stockpile were greater (P < 0.01) 
in comparison to the compost and 
remained that way through the last 
sampling date. Organic N (% of total 
N) was greater (P < 0.01) for the com-
post on sampling days 69, 8, and 104. 
The incorporation of N into organic 
N is attributed to addition of oxygen 
during windrow turning and the low-
er temperatures found in the compost 
compared with the stockpiles. At tem-
peratures above 140oF the rate of OM 
and N decomposition from bacteria is 
often reduced. 
Across sampling days, ammonium 
N was greater (P < 0.01) for stockpiles 
compared with compost (1.9, and 1.0 
g/kg, respectively). Ammonium N (% 
of total N) was greater for stockpiles 
on days 69, 8, and 104 compared 
with compost. It is generally assumed 
that ammonium N is rapidly con-
verted to ammonia N and volatil-
ized, indicating a greater amount of 
N loss would occur after stockpiled 
manure is spread on fields. However, 
the difference between total N recov-
eries for the analysis of wet and dry 
(oven dried) samples for ammonium 
N indicated that total N recoveries 
remained greater (P < 0.01) for stock-
piled manure compared with compost 
(Table ). The conditions in the 100oC 
oven completely dry the sample which 
gives an estimate for ammonia losses 
if manure was spread on a field and 
not incorporated in hot, dry condi-
tions. 
Nitrate N was detected in only 50% 
of the samples submitted for analysis. 
Most of the nitrate N that was mea-
sured was found after sampling day 
69 at concentrations of 0.07% of total 
N or less (mean = 0.0%). Recovery 
of P
2
O
5
 was not different (P = 0.8) 
among storage methods because the 
P is not volatilized (Table 1). How-
ever, there appears to be a numerical 
decrease in P
2
O
5
 across time in the 
compost. This may be due to a greater 
surface area exposed to runoff losses 
of P.
When manure samples were dried 
down completely to simulate hot, dry 
conditions during field application, 
the amount of ammonia nitrogen 
lost from stockpiled manure was not 
great enough to offset the total nitro-
gen recovery advantage of stockpil-
ing compared with composting. The 
limited amount of total DM reduction 
from composted manure was not 
large enough to improve transporta-
tion efficiency for field application in 
this study.
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